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BACKGROUND OF THE INVENTION 



1. Field Of The Invention 

This invention relates to drag reducing agent slurries, and in particular, drag reducing agent 
5 slurries having alfol alcohols used in methods for improving flow of hydrocarbons through conduits, 
particularly pipelines. The invention also relates to methods for making drag reducing agent slurries. 

2. Description Of Related Art 

Generally speaking, the flow of liquid in a conduit, such as a pipeline, results in frictional 
10 energy losses. As a result of this energy loss, the pressure of the liquid in the conduit decreases 
along the conduit in the direction of the flow. For a conduit of fixed diameter, this pressure drop 
increases with increasing flow rate. When the flow in the conduit is turbulent (Reynold's number 
% greater than about 2100), certain high molecular weight polymers can be added to the liquid flowing 
through the conduit to reduce the frictional energy losses and alter the relationship between pressure 
15 \j drop and flow rate. These polymers are sometimes referred to as drag reducing agents ("DRAs"), 
]g and they interact with the turbulent flow processes and reduce frictional pressure losses such that the 
^ pressure drop for a given flow rate is less, or the flow rate for a given pressure drop is greater. 
O Because DRAs reduce frictional energy losses, increase in the flow capability of pipelines, hoses and 
q other conduits in which liquids flow can be achieved. DRAs can also decrease the cost of pumping 
20 Jff fluids, the cost of equipment used to pump fluids, and provide for the use of a smaller pipe diameter 
M= for a given flow capacity. 

One type of drag reducing agent presently utilized is a slurry. Drag reducing agent slurries 
are those formed by polymerizing monomers, preferably alpha olefin monomers, to form polymers 
that are subsequently ground to a small size and suspended in a liquid vehicle, i.e. suspending agent. 
25 Drag reducing agent slurries facilitate the rapid dispersion of the drag reducing agent through out the 
hydrocarbon being transported through a conduit. While various polymerization methods, reactants, 
partitioning agents, and slurries have been published in the patent literature, many of those methods 
include components of drag reducing agent slurries that increase the cost of production of the drag 
reducing agents slurry. Further, some components of drag reducing agent slurries cannot be removed 
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from the hydrocarbon after they have been introduced into the conduit. In many, if not all instances, 
these slurry components remaining in the hydrocarbon foul the hydrocarbon in the conduit, thereby 
decreasing the number of uses of the hydrocarbon and/or the effectiveness of the use of the 
hydrocarbon. 

5 Generally, water soluble alcohols, water, glycols, glycerin, and water/water-soluble alcohol 

mixtures (referred to herein as "water-alcohol mixtures") are known in the art as being suspending 
materials. All of these prior attempts have shortcomings. For example, the addition of water poses 
serious implications as it relates to water contamination, i.e., hazing, of motor fuel, e.g., gasoline, 
diesel, and kerosene, in pipelines. Other significant problems associated with the inclusion of water 
10 in the drag reducing agent slurries include additional wastewater generation, thereby requiring 
disposal, increased systems corrosion, increased biological activity in "free-water" fallout areas 
within the pipeline and terminal storage tanks. 
J In other prior drag reducing agent slurries, small amounts of polar and/or other water soluble 

alcohol s have been linked with serious biological upsets and resulting operational problems due, in 
15 % § part, to food to microorganism balances, undesirable biological facilitation, excessive biological 
,£ oxygen demand and chemical oxygen demand loading, and bio-mass bulking within various 
refineries' activated sludge processes. These refineries depend on activated sludge processes as the 
O most practical and efficient means of treating wastewater received and generated within the refining 
O processes prior to its reintroduction, or discharge outside of, the refineries. In fact, some refineries 
20 S have set strictly enforced limits on drag reducing agents slurries containing water soluble alcohols, 
^ glycols, and glycerins received into their refineries from crude oil pipelines. 

Additionally, the inclusion of water, glycols, glycerin, and water-alcohol mixtures as a part 
of, or as the entire, suspending agent, generally requires the inclusion of other components, thereby 
increasing the cost of formation of the drag reducing agent, increasing potential harm to refineries, 
25 and increasing cost of refining the hydrocarbon due to the cost of removal and disposal of these 
additives. For example, surfactants, e.g., nonylphenol ethyoxylate, alkaline metal stearates, e.g., 
magnesium stearate and calcium stearate used as partitioning agents to reduce the potential of the 
finely ground polymer solids from re-agglomerating and thus destabilizing the drag reducing agent 
slurry, and biocides are included in some prior drag reducing agent slurries. Some refineries have 
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prohibited the use of drag reducing agent slurries containing surfactants and metal stearates in their 
crude oil pipeline because, upon entering the refining facilities, the surfactants and alkaline metal 
stearates are believed to be responsible for upset the refining process, including the refineries vital 
desalting processes. 

Siloxane containing antifoams are also usually included in prior drag reducing agent slurries 
to reduce or eliminate the potential of foaming within the end user's pipeline system following the 
addition of drag reducing agent slurry. Siloxane containing antifoams are objectionable components 
because they are believed to be responsible for causing deleterious effects on various refining 
processes and facilitate fouling within the refining process. 

Generally, all of these additional components are insoluble contaminants in the hydrocarbon 
stream in the pipeline. Such contaminants are undesirable and the art has continually sought a drag 
reducing agent slurry that excludes these undesirable components. 

Another disadvantage of the prior drag reducing agent slurries is that the "shelf-life" of these 
drag reducing agent slurries are extremely short and they require storage within strict temperature 
ranges. For example, one prior drag reducing agent slurry containing water and water-alcohol 
mixtures as the suspending agent requires its storage to be within expensive temperature controlled 
housing/containment, or container/building, to help insure its usability and stability, (i.e. between 
35-85° F). Without proper temperature control in such a storage facility this prior drag reducing 
agent slurry becomes frozen at or near the freezing point of water, or microbiologically decomposes 
and destabilizes/ferments in an unacceptably short time as ambient temperatures move above 90°F. 
As known to persons skilled in the art, a large portion of crude oil is produced in extremely hot 
regions of the world, e.g., Saudi Arabia, Venezuela, Texas, Mexico, and Gulf of Mexico, and 
extremely cold regions of the world, e.g. , Alaska, Siberia, and Canada. Accordingly, these prior drag 
reducing agent slurries are not suitable for use in these environments without additional storage 
facilities. 

Another shortcoming of prior drag reducing agent slurries is that the polymer load per 
gallon, i.e., the amount of active polymer that can be suspended in a gallon of suspending agent 
without the polymer particles re-agglomerating, is limited. Applicants are unaware of any drag 
reducing agent slurry that contains greater than about 2.0 pounds of this polymer per gallon of 
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suspending material. Addition of polymer in amounts greater than about 2.0 pounds of polymer per 
gallon results in an extremely viscous and unstable drag reducing agent slurry. The ability to 
increase the polymer solids as a ratio to the total weight of the slurry offers improved treating 
performance, better logistical benefits and lower logistical and capital costs. 

Still another shortcoming of prior drag reducing agent slurries is that the drag reducing agent 
slurry is not capable of being "re-suspended" should the polymer "separate" from its suspending 
material As prior drag reducing agent slurries age, the polymer has a tendency to separate by 
settling to the bottom or rising to the top of the tank, or other container, containing the drag reducing 
agent slurry. When this occurs, the polymer further re-agglomerates and cannot be "re-suspended." 
As such, the drag reducing agent slurry is of no value and new, or "fresh" drag reducing agent slurry 
is required. 

Additionally, none of the prior attempts provide the surprisingly unexpected results of using 
the suspending materials of the present invention. For instance, the suspending materials of the 
present invention provide a drag reducing agent slurry that has an increased shelf life, a minimal 
impact on pipeline and refinery operations, and permit formation of a drag reducing agent slurries 
having more active polymer per gallon than any other prior drag reducing agent slurries. 

Accordingly, prior to the development of the present invention, there has been no drag 
reducing agent slurry, process for forming a drag reducing agent slurry, or process for reducing drag 
in a conduit, which: does not negatively impact wastewater treatment facilities; permits longer term 
storage without biological degradation and temperature destabilization; does not insult motor fuels 
and other refined products; reduces instances of re-agglomeration; and provides a more stable drag 
reducing agent slurry during production, transportation, storage, and use. Therefore, the art has 
sought a drag reducing agent slurry, process for forming a drag reducing agent slurry, and process 
for reducing drag in a conduit, which: does not negatively impact wastewater treatment facilities; 
permits longer term storage without biological degradation and temperature destabilization; does not 
insult motor fuels and other refined products; reduces instances of re-agglomeration; and provides 
a more stable drag reducing agent slurry during production, transportation, storage, and use. 

While various components of drag reducing slurries have been used in connection with 
certain drag reducing agents, the inventors are not aware of any patents or publications showing alfol 
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alcohols being used as a component of drag reducing agent slurries. For example, U.S. Patents Nos. 
6,172,1 5 1 ; 5,244,937; 5,449,732; 5,504,1 3 1 ; 5,504,132; and 5,539,044 disclose certain components 
of drag reducing agent slurries, but do not disclose or suggest the alfol alcohols as a component of 
drag reducing agent slurries. 

SUMMARY OF INVENTION 

In accordance with the invention, the foregoing advantages have been achieved through the 
present process for forming a drag reducing agent slurry comprising: forming a drag reducing agent; 
and mixing the drag reducing agent with at least one alfol alcohol. 

A further feature of the process for forming a drag reducing agent slurry is that the alfol 
alcohol may be selected from the group consisting of 1-pentanol, 1-hexanol, 1-heptanol, n-octyl 
alcohol, n-nonyl alcohol, and 1-decanol. 

In accordance with the invention, the foregoing advantages have also been achieved through 
the present process for forming a drag reducing agent slurry comprising: contacting alpha olefin 
monomer with a catalyst in a reactant mixture; polymerizing the alpha olefin monomers, wherein 
during the polymerization, at least a portion of the alpha olefin monomers polymerize in the reactant 
mixture to provide a polyalphaolefin; mixing the polyalphaolefin with at least one alfol alcohol. 

A further feature of the process for forming a drag reducing agent slurry is that the catalyst 
may be a transition metal catalyst. Another feature of the process for forming a drag reducing agent 
slurry is that the transition metal catalyst may be a Ziegler-Natta catalyst. An additional feature of 
the process for forming a drag reducing agent slurry is that the Ziegler-Natta catalyst may be 
titanium trichloride. Still another feature of the process for forming a drag reducing agent slurry is 
that the reactant mixture may include at least one co-catalyst. A further feature of the process for 
forming a drag reducing agent slurry is that the at least one co-catalyst may be selected from the 
group consisting of alkylaluminoxanes, halohydrocarbons, diethylaluminum chloride, and 
dibutylaluminum chloride. Another feature of the process for forming a drag reducing agent slurry 
is that the alpha olefin monomers may comprise homopolymers, terpolymers or copolymers. An 
additional feature of the process for forming a drag reducing agent slurry is that the alpha olefin 
monomers may comprise co-polymers of 1-hexene and 1-dodecene alpha olefins or co-polymers of 



HOU:647180.2 



6 



1-octene and 1-tetradodecene alpha olefins. Still another feature of the process for forming a drag 
reducing agent slurry is that the polyalphaolefin may be an ultra-high molecular weight 
polyalphaolefin having an inherent viscosity of at least about 10 deciliters per gram and may be 
amorphous with substantially no crystalline particles. A further feature of the process for forming 
a drag reducing agent slurry is that the process may further comprise the step of cryogrinding the 
polyalphaolefin prior to mixing the polyalphaolefin with the at least one alfol alcohol. Still another 
feature of the process for forming a drag reducing agent slurry is that the alfol alcohol may be 
selected from the group consisting of 1-pentanol, 1-hexanol, 1-heptanol, n-octyl alcohol, n-nonyl 
alcohol, and 1-decanol. 

In accordance with the invention, the foregoing advantages have also been achieved through 
the present drag reducing agent slurry comprising a polyalphaolefin and at least one alfol alcohol. 

A further feature of the drag reducing agent slurry is that the alfol alcohol may be selected 
from the group consisting of 1 -pentanol, 1 -hexanol, 1 -heptanol, n-octyl alcohol, n-nonyl alcohol, and 
1-decanol. 

In accordance with the invention, the foregoing advantages have also been achieved through 
the present drag reducing agent slurry comprising a polyalphaolefin and at least one alfol alcohol 
formed by mixing the polyalphaolefin with at least one alfol alcohol. 

A further feature of the drag reducing agent slurry is that the alfol alcohol may be selected 
from the group consisting of 1 -pentanol, 1 -hexanol, 1 -heptanol, n-octyl alcohol, n-nonyl alcohol, and 
1-decanol. 

In accordance with the invention, the foregoing advantages have also been achieved through 
the present drag reducing agent slurry comprising a polyalphaolefin and at least one alfol alcohol 
formed by contacting alpha olefin monomers with a catalyst in a reactant mixture; polymerizing the 
alpha olefin monomers, wherein during the polymerization, at least a portion of the alpha olefin 
monomers polymerize in the reactant mixture to provide a polyalphaolefin; and mixing the 
polyalphaolefin with at least one alfol alcohol. 

A further feature of the drag reducing agent slurry is that the alfol alcohol may be selected 
from the group consisting of 1-pentanol, 1-hexanol, 1-heptanol, n-octyl alcohol, n-nonyl alcohol, and 
1-decanol. 
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In accordance with the invention, the foregoing advantages have also been achieved through 
the present process for reducing drag in a conduit, comprising: forming a drag reducing agent slurry 
comprising a polyalphaolefin and at least one alfol alcohol; and introducing the drag reducing agent 
slurry into the conduit. 

A further feature of the process for reducing drag in a conduit is that the alfol alcohol may 
be selected from the group consisting of 1 -pentanol, 1 -hexanol, 1 -heptanol, n-octyl alcohol, n-nonyl 
alcohol, and 1-decanol. 

In accordance with the invention, the foregoing advantages have also been achieved through 
the present process for reducing drag in a conduit, comprising: forming a drag reducing agent 
comprising a polyalphaolefin, wherein the drag reducing agent is formed by contacting alpha olefin 
monomers with a catalyst in a reactant mixture; polymerizing the alpha olefin monomers, wherein 
during the polymerization, at least a portion of the alpha olefin monomers polymerize in the reactant 
mixture to provide a polyalphaolefin; mixing the polyalphaolefin with at least one alfol alcohol to 
form a drag reducing agent slurry; and introducing the drag reducing agent slurry into the conduit. 

A further feature of the process for reducing drag in a conduit is that the alfol alcohol may 
be selected from the group consisting of 1 -pentanol, 1 -hexanol, 1 -heptanol, n-octyl alcohol, n-nonyl 
alcohol, and 1-decanol. 

The drag reducing agent slurry, process for forming a drag reducing agent slurry, and process 
for reducing drag in a conduit have the advantages of: not negatively impacting wastewater 
treatment facilities; permitting longer term storage without biological degradation and temperature 
destabilization; not insulting motor fuels and other refined products; reducing instances of re- 
agglomeration; and providing a more stable drag reducing agent slurry during production, 
transportation, storage, and use. 

DETAILED DESCRIPTION OF THE INVENTION 

The following detailed description refers to certain details and specific aspects of the 
invention, including specific embodiments and examples of the invention. Also, for purposes of 
better understanding the invention, certain terms will now be explained and defined. It is to be 
understood that the invention is not limited or restricted to the specific examples and embodiments 
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described below, which are included to assist a person skilled in the art in practicing the invention. 
On the contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be 
included within the spirit and scope of the invention as defined by the appended claims. 

The term "drag reducing agent" (DRA) as used herein refers to a composition that includes 
at least the formed polyalphaolefin polymer. The term "polyalphaolefin" refers to the polymer 
material formed by the polymerization of alpha olefin monomers, and is broadly construed to include 
not only the polymer in its final form, but also any intermediate polymers being formed, sometimes 
referred to as "oligomers." Preferably, the polyalphaolefin polymer is amorphous, i.e., the 
polyalphaolefin has no crystalline structures, or habits, existing in a single phase with substantially 
no solid particles, and has an ultra-high molecular weight and inherent viscosity of 10 dL/g or 
greater. 

"Ultra-high molecular weight," means a molecular weight corresponding to an inherent 
viscosity of at least about 10 dL/g. Because of the extremely high molecular weight of the DRA 
polymer, it is difficult to reliably and accurately measure the actual molecular weight, but inherent 
viscosity provides a useful approximation of molecular weight. "Inherent viscosity" is measured 
using a Cannon-Ubbelohde four bulb shear dilution viscometer (0.05 g polymer/100 ml hexane at 
25°C). Inherent viscosities are calculated for each of the last three bulbs. The viscosities are then 
plotted as a function of shear rate. The plot is then used to determine the inherent viscosity at a shear 
rate of 300 sec-1 . It is contemplated that an inherent viscosity of 10 dL/g corresponds roughly to 
a molecular weight of at least about 10 or 15 million. Preferably, the ultra-high molecular weight 
polyalphaolefins have molecular weights even higher, e.g., greater than 25 million. The 
polyalphaolefins formed preferably have a narrow molecular weight distribution. Because different 
assumptions about the properties of the polyalphaolefin can yield different estimates of molecular 
weights, the inventors prefer using inherent viscosity to characterize the molecular weights of their 
drag reducing agents. 

While the polyalphaolefin polymer may be formed using any method known to persons 
skilled in the art (e.g., using the methods disclosed in U.S. Patents Nos. 3,692,676; 4,289,679; 
4,358,572; 4,433,123; 4,493,903; 4,493,904; 5,244,937; 5,449,732; 5,504,131; 5,504,132; and 
5,539,044, all of which are hereby incorporated by reference), the polyalphaolefin polymer is 
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preferably made in accordance with the methods described in U.S. Patent Nos. 5,869,570 and 
6,015,779, both of which are hereby incorporated by reference. Generally, the polyalphaolefm 
polymer is formed by contacting alpha olefin monomers, e.g., alpha olefins monomers having 2 to 
20 carbon atoms, with a catalyst in areactant mixture. Homopolymers, copolymers and terpolymers 
may be used. Preferred alpha olefins include ethylene, propylene, 1 -butene, 4-methyl- 1 -pentene, 1 - 
hexene, 1-octene, 1-decene, 1-dodeceneand 1-tetradecene; conjugated or unconjugated dienes such 
as butadiene and 1, 4-hexadiene; aromatic vinyls such as styrene; and cyclic olefins such as 
cyclobutene. Most preferably, the alpha olefin monomers are co-polymers of 1 -hexene and 1- 
dodecene present in a 1 : 1 mole ratio; or co-polymers of 1-octene and 1-tetradecene present in a 1 : 1 
mole ratio. 

In one preferred embodiment, disclosed in U.S. Patent No. 6,0 1 5,779, alpha olefin monomers 
are contacted with a catalyst and a co-catalyst system having at least one co-catalyst. While it is 
contemplated that any catalyst known to persons skilled in the art may be utilized, e.g., metallocene 
or Ziegler-Natta catalysts, preferred catalysts include transition metal catalysts such as those catalysts 
containing titanium trichloride, titanium tetrachloride or metallocene or combinations thereof. 
Preferably, the transition metal catalysts are non-metallocene. Titanium trichloride, which is most 
preferred, has been used for years in making drag reducing agents, and is preferably used in an 
amount ranging from at least about 100 to 1500 parts per million (ppm) based on the weight of all 
the components, i.e., the alpha olefins, co-catalysts, and catalysts supplied to the reactor. 

Co-catalysts have also been used for years to form drag reducing agents. It is contemplated 
that any co-catalyst known to persons skilled in the art may be included with the catalyst; however, 
preferred co-catalysts includes one or more co-catalyst selected from the group consisting of 
alkylaluminoxanes, halohydrocarbons, diethylaluminum chloride ("DEAC") and dibutylaluminum 
chloride ("DIBAC")- As mentioned above, the process of forming the drag reducing agent may 
include no co-catalyst, one co-catalyst, or a plurality of co-catalysts. 

The alpha olefin monomers may be polymerized at an initial temperature at about or less than 
25°C, and preferably, at about or less than 10°C, wherein during the polymerization, at least a 
portion of the alpha olefin monomers polymerize in the reactant mixture to provide a 
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polyalphaolefin. Preferably, the alpha olefin monomers are polymerized at an initial temperature of 
about -5°C. 

In some instances, the polyalphaolefin is cryoground as disclosed in U.S. Patent Nos. U.S. 
Patents Nos. 5,504,131; 5,504,132; and 5,539,044. Additionally, partitioning agents, also known 
5 as coating agents, may be, and preferably are, mixed with the polyalphaolefin. Partitioning agents 
are compositions that help prohibit polyalphaolefin polymer particles from sticking together in large 
clumps, thereby facilitating the dispersion of the polyalphaolefin in the hydrocarbon in the conduit. 
The partitioning agents may be added during polymerization and/or during grinding of the 
polyalphaolefin into fine polymer particles. Partitioning agents are generally known to persons 
10 skilled in the art and may be included in the reactant mixture or, alternatively, mixed with the 
polyalphaolefin after polymerization. Preferred partitioning agents are alpha olefin monomer 
partitioning agent having 30 to at least about 65 carbons. In an especially preferred embodiment, 
Jj alpha olefin monomer partitioning agent, i.e., alpha olefin monomers having about 30 to about 65 
ri carbon atoms, is mixed with the polymer prior to adding the suspending material to the 
15 M polymer/partitioning agent particles. 

jp Drag reducing agent slurries are formed by mixing the drag reducing agent with at least one 

f~ slurry component or suspending material Numerous slurry components are known to persons 
p skilled in the art. Examples of suitable slurry components are disclosed in U.S. Patent Nos. 
Q 5,244,937; 5,449,732; 5,504,131; 5,504,132; 5,539,044, all of which are hereby incorporated by 
20 J2 reference. An additional slurry component, or suspending material, is at least one alfol alcohol. 
^ In a preferred embodiment, after the polyalphaolefin is formed it is combined, or mixed, 

preferably under agitation, with at least one alfol alcohol to form a drag reducing agent slurry. Alfol 
alcohols are straight-chained alcohols that are substantially insoluble, or immiscible, in water. 
Substantially insoluble, or immiscible, in water is herein defined as having a solubility in water of 
25 less than 0.2% by weight of alcohol to water. Additionally, preferably, the alfol alcohol is 
substantially pure or neat, i.e, contains less than 0.25% of any additional liquid, gas, or solid. 
Preferred, alfol alcohols of the present invention include 1 -pentanol, 1-hexanol, 1 -heptanol, n-octyl 
alcohol, n-nonyl alcohol, and 1-decanol and are commercially available. In the preferred 
embodiment, 1-hexanol is included in the drag reducing agent slurry. 
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The alfol alcohol may be present in the drag reducing agent slurry at a concentration in the 
range from about 40.0% to about 85.0% based upon the weight of alfol alcohol to drag reducing 
agent slurry. Preferably, the at least one alfol alcohol is mixed with the polyalphaolefin to form a 
drag reducing agent slurry at a concentration ranging from about 45% to about 55% based upon the 
5 weight of alfol alcohol to drag reducing agent slurry. 

It has been observed that the inclusion of 1-hexanol as the suspending material provides the 
added benefit in that should the drag reducing agent slurry separate, i.e., the polyalphaolefin is not 
no longer uniformly dispersed through out the suspending material such as due to long term settling 
of the polyalphaolefin with no mixing energy applied, the polyalphaolefin can be re-constituted back 
10 to its original suspended state by simply re-applying mixing energy, i.e., applying an agitator. 

Another surprising and advantageous result of including 1 -hexanol as the suspending material 
is that 1-hexanol, and presumably other alfol alcohols, demonstrates unique particle wetting 
% characteristics on the polymer/partitioning agent particles. This preferential oil soluble surface 
^ wetting of discrete polymer/partitioning agent particles facilitates the prevention of re-agglomeration 
15 \| of the polymer/partitioning agent particles which would produce an unusable drag reducing agent 
2 slimy. Further, and unexpectedly, the wetted polymer/partitioning agent particles demonstrate an 
^ improvement in the ability of the polymer/partitioning agent particles to dissolve in petroleum 
O streams and become functional, and thus provide drag reducing, much faster after introduction into 
f3 the hydrocarbon stream. 
20 5? Still another surprising and advantageous result of including 1-hexanol as the suspending 

M material is that 1-hexanol, and presumably other alfol alcohols, permit increased percentages of 
polymer per gallon of suspending material. As noted previously, the highest known ratio of polymer 
to suspending agent is approximately 2.0 pounds of polymer per gallon of suspending agent. Using 
a polymer formed in accordance with the process disclosed in U.S. Patent No. 6,015,779 and 
25 combined with C 30 + alpha olefin monomer partitioning agent (purchased from Chevron-Phillips), 
polymer/partitioning agent particles were formed by cryogrinding and were combined with 1 -hexanol 
(45 g polymer/partitioning agent to 65 grams of 1 -hexanol). A stable drag reducing agent slurry was 
formed having a ratio of polymer to suspending agent of 2.5 pounds per gallon, and in one specific 
example, 2.8 pounds per gallon. These results represent a 25% and, in at least one case, a 28% 



HOU:647180.2 



12 



increase over prior drag reducing agent slurries that translates into an increase of drag reduction 
capability with less volume of drag reducing agent slurry. 

Additionally, the drag reducing agent slurries of the present invention provided a longer shelf 
life than prior drag reducing agent slurries. Several samples of drag reducing agent slurries were 
prepared using the polymer formed using the process disclosed in U.S. Patent No. 6,01 5,779. After 
the polymer was formed, it was combined with C 30 + alpha olefin monomer partitioning agent and 
cryoground. The cryoground polymer/partitioning agent particles were then combined with the 
suspending agents listed in TABLE I at a concentration of 45 grams of polymer/partitioning agent 
particles to 65 grams of suspending material. Therefore, the only difference between each example 
is that different suspending materials were selected. 

Each drag reducing agent slurry sample was then allowed to set for 30 days at 75° C without 
any agitation. After 30 days, each sample was analyzed to determine whether the sample had re- 
agglomerated, and thus, had become unusable. The results are shown in TABLE I. 



TABLE I 



Suspending Material 



Slurry State after 30 days at 75° C 
(No agitation) 



Ethanol 



Separation/Severe re-agglomeration 



Ethanol- Water Mixture 



Separation/Severe re-agglomeration 



(50vol./50vol.) 



Butanol (Neat) 



Separation/Severe re-agglomeration 



Butanol-Water Mixture 



Separation/Severe re-agglomeration 



(50 voL/50 vol.) 



Methanol (Neat) 



Separation/Severe re-agglomeration 



Methanol- Water Mixture 



Separation/Severe re-agglomeration 



(50 vol/50 vol.) 
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Isopropanol (Neat) 



Separation/Re-agglomeration 



Isopropanol-Water Mixture 
(50 vol/50 vol.) 



Separation/Severe re-agglomeration 



1-Hexanol (Neat) 



Slight Separation/No re-agglomeration 



As shown in TABLE I, only the drag reducing agent slurries containing 1-hexanol (Neat) 
showed no re-agglomeration after 30 days. While this sample showed slight separation, because 
there was no re-agglomeration, this sample was capable of being re-suspended, and thus, was still 
usable after 30 days. The other drag reducing agent slurries, all of which are prior drag reducing 
agent slurries, all separated and re-agglomerated. In fact, in all but one of the samples, the drag 
reducing agents severely re-agglomerated. As a result, none of these samples were suitable as drag 
reducing agent slurries after 30 days at 75° C. 

Drag reducing agent slurries comprising a drag reducing agent and at least one alfol alcohol 
may be used to reduce drag in a conduit by adding the drag reducing agent slurry to a conduit 
containing a hydrocarbon. Additionally, the drag reducing agent slurry comprising at least one alfol 
alcohol may also be further processed by any method known to those skilled in the art to be utilized 
to reduce drag in a conduit. 

It is to be understood that the invention is not limited to the exact details of construction, 
operation, exact materials, or embodiments shown and described, as obvious modifications and 
equivalents will be apparent to one skilled in the art. Accordingly, the invention is therefore to be 
limited only by the scope of the appended claims. 
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